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FIGURE 1. KH-7 CAMERA LENS SCHEMATIC. 


The speed of the rotating platen is the 
controlling factor in production of sharp, dis- 
tortion-free images and therefore is of utmost 
importance to the intelligence community. (See 
Discussion of Strip Camera".) This cylindrical 
platen moves at variable speeds and carries 
the film past the image forming slit at a speed 
compatible with the movement of ground images 
past the slit. When operating at the proper 
speed, this platen will enable the camera to 


produce sharp images with high resolution. 


(See Table No 2.) 


A pair of fiducial lines will be on the 
film, one on each edge, rather than fiducial 
marks. These lines will be the same distance 
apart at all times, since they are being ex- 
posed at the same time that the image is 
exposed, and will be one controlling factor 
in mensuration and determination of coverage 
and size of objects. In addition to these two 
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of film-image speed can also cause compression 
of images along the flight path. If film speed 
is too fast for the image, elongation occurs, 
and if the film speed is too slow for the image, 
compression occurs. 

Any change of film speed will cause 
elongation or compression of images along the 
flight path, and because of this, it is very 
difficult to determine sizes of objects in that 
direction. A high order of elongation or com- 
pression is readily apparent to the trained 
eye; however, a small order of elongation or 
compression will make distortion of the size 
and shape of objects difficult to detect. If the 
speed of the film changes during exposure, a 
differential distortion pattern will result in 
trapezoidal shapes of rectangular objects and 
curving lines that should be straight. 

Since the speed of the film is applicable 
in only one direction, there is no distortion 
across the film with a stable vehicle, and all 
distortions caused by incorrect film speed are 
in the longitudinal direction of the film (parallel 
to flight path). Since the vehicle is not a stable 
platform, it is possible to have distortions 
caused by vehicle motion in the pitch, roll 
and yaw planes. There are two separate 
motions, static and dynamic conditions, in each 
of the planes. The static condition is when 
the vehicle is rolled, pitched, or yawed from 
its nominal position and remains inthis position 
throughout the exposure. The dynamic condition 
is when the vehicle is pitching, rolling, or 
yawing during the exposure. For the static 
condition, pitch and roll are altitude sensitive 
because any change in vehicle attitude in these 
planes will alter the image speed at the center 
of the lens; since image speed is the one that 
controls film speed, distortions will occur in the 
direction parallel to the flight path. In the 
dynamic condition where movement is occuring 
during exposure, the motion is translated to the 





images being recorded, and distortions will 
occur in either direction, parallel to the flight 
path or perpendicular to it. 

Yaw is not altitude sensitive, but the 
rotational motion in the dynamic condition is 
translated to the image the same as the pitch 
and roll motions are. Under static yaw con-— 
ditions only small amounts of distortions are 
evident unless the yaw is excessive. 

All of the distortions or smear of images 
discussed may occur at the same time and on 
the same exposure; therefore, determination of 
the exact cause of image distortion is not 
possible. Part Il of this manual will discuss 
the mathematical approach to the problem 
of determination of image size and shape with 
multiple image motion problems. 


OPERATING MODES 


The KH-7 camera system can produce single 
strips of photography over a wide range of sizes 
from a minimum of 4toa maximum of 387 inches 
in length; however, normal operations will fall 
in a much narrower range of 13 to 46 inches in 
length. (See Table No2.) The film speeds avail- 
able are from 2.022 inches per second up to 


3.784 inches per second in 64 separate speeds; 


this allows operation in various portions of the 
orbit to produce distortion-free photography. 
(See "Discussion of Strip Cameras".) 

When operating in either the stereo mode or 
in the lateral pair mode, the lengths of strips 
are controlled by speed of the vehicle and its 
altitude. The stereo pairs are programmed to 
produce 100% forward lap, and the lateral pairs 
are programmed to produce parallel strips with 
minimum side lap. (SeeFigures2and3.) In the 
stereo mode, the rotating mirror is moved to 
the forward-looking position (15 degrees from 
the vertical along the flight path or parallel to 


the flight path); a strip of photography is ex- 
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posed; then the mirror is rotated to its aft po- 
sition (15 degrees), and the second exposure is 
made. Some roll is required to produce 100% 
stereo coverage due to coriolis; therefore, the 
vehicle rolls to the correct position between 
exposures. For the lateral pairs, the same 
15 degree forward and aft positions are occupied, 
but the roll position is changed between frames 
to produce parallel photographs, rather than 
stereo. 

The camera will produce photography over 
a wide range of coverage area by producing 
strip, pair, or stereo coverage any place within 
the 89 degree angular roll coverage available. 
Any mode may be operated in any roll position, 
and therefore, a high accuracy pointing camera 
is available. (See Figures 4 and 5.) 


FORMAT AND TITLING 


The KH-7 camera format provides a photo- 
graphic strip of variable length, with a scene 
width of 8.514 inches as measured between the 
fiducial lines and excluding the yaw slits. This 
represents the usable image width. The scene 


width, if yaw slits are included, is 8.718 inches, 


(See Figure 6.) 

At nominal altitude, the ground coverage 
width is approximately 12.25 nm. I[t is not 
anticipated that altitudes will vary to the extent 
that width of ground coverage will be less than 
10 nm or appreciably more than 20 nm under 
normal oribtal conditions. (Refer to Table No3 
for altitude/coverage computations.) 

The maximum obtainable strip length is 
approximately 32 feet if film speed and oper- 
ational time are set to their limits. Strip 
length, therefore, will vary as film speed and 
length of camera operation are varied. A total 
of 64 speed steps are available, froma minimum 
of 2.022 inches to a maximum of 3.784 inches 
per second. The length of camera operation may 


e 


range from 2 seconds to 102.4 seconds. Refer 
to Table No 2 for the pertinent data. The end 
of each frame will be denoted by an overexposed 
section of film, with a small area of distorted 
imagery caused by film speed acceleration and 
deceleration in this area. (See Figure 2.) The 
titling ig imprinted in 10-point type on the film 
edge opposite the edge that contains the time 
track and is right-reading with the emulsion wp 
on film positives. Titles are started 1.5 inches 
in from the leading edge of the photographic for - 
mat and are repeated to provide two complete 
title blocks within every 18 linear inches of film. 


‘Explanation of the title increments follows, in 


order of appearance: 


1. Pass Direction Designator ("A" or "D", 
as appropriate) 


2. Pass Number 


+ - Engineering Pass Designator (''E"), if 
applicable 


3+. Frame Number - The sequence begins 
with 001 on each photographic pass 


5. Mission Number 


6. Day-Month-Year (The day is the Z Date 
of each frame, and the components in this 
increment are separated by spaces) 


7. Security Classification 


8. Special Designations (Codeword) 


FOCUS 


The KH-7 camera system is designed to 
minimize spontaneous changes in focal length 
(FL=77 inches) generated by mechanical or 
thermal factors beyond the system's control. 
However, it is recognized that slight shifts in 
excess of acceptable tolerances may be induced 
in the image plane by environmental conditions 
during launch or orbit. Consequently, a focus 
control assembly is provided for determination 
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FIGURE 5. TYPICAL EXAMPLES OF CONTINOUS STRIP AND LATERAL PAIR FRAME COVERAGE AT NOMINAL 95 NM ALTITUDE. 
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FIGURE 7. STELLAR AND INDEX CAMERA FORMAT AND TITLING, 


IN DEX CAMERA 


The index camera used is the same as the 
one in use on other systems, and has a format 
size of 2.25 inches square with a2.5mm reseau 
grid superimposed on the image. Calibration 
will be provided for each index camera, and the 
camera serial number will be recorded on each 
frame. A frame correlation mark, on a random 
frame basis, will be imaged for correlation of 
the stellar camera on one edge of the frame. 
Titling data will include the frame number, mis- 
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sion number, date, classification, and codeword. 
Frames will be numbered consecutively through- 
out the mission, and a chart correlating frames 
to passes will be attached to the leader. 


INDEX CAMERA DATA 
Lens: Zeiss Biogon f/4.9. 


Focal Length: 38 mm. 
Field Angle: 72 x 72 degrees. 


Shutter Speeds: 1/125 second, 1/250second 
& 1/500 seconds. 
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FIGURE 9. DISTORTION IN STRIP PHOTOGRAPHY. 


FILM SPEED: The rate at whichthe film is ad- 
vanced in the camera as a means of com- 
pensation for the relative motion between 
terrestrial images and the.camera. If too 
slow, images of ground objects will be com- 


attitude that alters the height of the camera 
over ground images; hence, it is an along- 
track error. However, note carefully the 
distinction between roll and roll rate with 


relation to image smear effect. 


pressed; if too fast, images will be elon- ROLL RATE: Motion during exposure. Since 


| gated. , 2 
PITCH: Movement of the. vehicle about its 
lateral axis. Pitch deviations may be 


negative or positive with relation to the 
nominal reference angle and alter the 


the actual movement leading to roll change 
in vehicle attitude is perpendicular to the 
line of flight, it is so recorded by the 
film, resulting in cross-track image 
smears. 


camera altitude over ground objects. _ YAW: Rotation from the line of flight of the 


PITCH RATE: Motion during exposure, not to 
be confused with pitch, per se. However, 


longitudinal axis of the vehicle about its 
vertical axis. 


pitch rate is similarly altitude-sensitiveand . YAW RATE: Motion during exposure. Since yaw 


therefore causes along-track image smear- 


ROLL: Movement of the panicle about its longi- 
| _ tudinal axis. This. results in a change in 


- 14 - 


and yaw rate are not altitude-sensitive, the 
resultant displacement of ground imagery is 
solely in a lateral direction and induces 
cross-track smearing. a 
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